SUMMARY Five-year age-specific incidence rates were shown to produce small but systematic errors in the calculation of the expected number of tumours in a hypothetical but realistic study population. Underestimates occurred at younger ages (under 55) and overestimates at older ages, with a small overestimate (0.22%) overall. Larger errors (up to 12%) were obtained when there was a rapid change in the single-year age structure of the study population. Interpolation between five-year rates will normally produce an inaccurate set of one-year rates. It is shown, with the example of a logarithmic interpolation, that these rates tend to produce errors of similar size to the five-year rates but with a small underestimate overall (0.37%). However, the interpolated rates produced the smaller errors (up to 1%) when the study population age structure undergoes rapid change. A method is suggested for partially correcting the error in the interpolated rates.
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Epidemiological studies frequently compare the observed cancer experience of a study group with that of the general population. The expected number of tumours is normally calculated by applying five-year age-specific incidence rates to the accumulated person-years of observation subdivided by age.' These studies are expensive and time-consuming and it is clearly worthwhile to consider ways in which the calculation of the expected numbers could be refined. One obvious possibility is the use of one-year rates for five-year rates, but such rates are not available from published data and would have to be derived by some method of interpolation, a lengthy and possibly error-prone procedure.
In this study we investigated the size of the errors arising from the use of five-year rates, comparing the results with those from a defined set of one-year rates. We examined a method of Qbtaining one-year rates by interpolating between five-year rates, determined the source and size of the errors which this entails, and suggested a possible solution.
Results

THE BASIC DATA
The one-year age-specific incidence rates corresponding to stomach cancer among women in 146 the West Midlands, described in the companion paper,2 were used. The five-year incidence rates which would be observed if the one-year rates had occurred in a defined population (the 1961 England and Wales life table population) were calculated. An examination of the literature3" revealed that study populations (or more accurately the person-years at risk) typically exhibit, with advancing age, an initial rapid increase followed by a slow but ever-increasing rate of decrease. Such a study population defined by single years of age is described in Table 1 , with the change in size across each five-year age group occurring by four successive equal annual increments.
EXPECTED NUMBERS
The expected numbers obtained using the five-year and one-year rates and the defined study population are shown in Table 1 . Three important features emerge: (i) the majority of the tumours occur at ages 50-79, where the progressive increase of the incidence more than outweighs any decline in the size of the study population, thus, errors affecting these ages will tend to predominate in the all-ages figure; (ii) the pattern of the errors produced by the five-year Five-year age-specific incidence rates II: The accuracy ofcalculations ofexpected numbers of tumours 147 Table 1 ) extra weight will be given to the larger Ij (that is, 14 and I5) of the one-year rates, and the one-year rate expected number will exceed that of the five-year rate. When the Nj decreases, the contribution of the larger Ij of the one-year rates will be reduced and the one-year rate expected number will be the smaller (ages 60-to 75-, Table 1 ). In the group 55-, the increase in the Ij balances the decrease in the Nj, for this data set, giving identical expected numbers for the one-year and five-year rates.
METHODS OF INTERPOLATION
One-year rates are frequently obtained by logarithmic interpolation between successive five-year rates (for example,1°). In any such interpolation it is normally assumed that the five-year rate (Iv) is equivalent to the one-year rate of the central year of the five-year period (13). But we have recently shown2 that the five-year rate differs systematically from this mid-year rate, overestimating the one-year rate at younger ages, and underestimating at older ages. When logarithmically interpolated one-year rates were applied to the study population, they were found to produce small overestimates at the younger ages, and underestimates at the older ages (only some age groups are shown). Overall, the interpolated rates produce a small underestimate (0-37%), which, for this data set, is larger than the error produced by the five-year rates. In general, five-year rates will produce the smaller errors at ages 50-79 if the study population undergoes a small to moderate decrease across the five-year groups.
ERRATIC STUDY POPULATIONS
Some extreme forms of unusual one-year age structures are described in Table 2 , and the ages at which they might occur are shown in Table 3 ; for example, exponential increase, or decrease, would be near the start, or end, of the study group. The total of person-years in each group was adjusted to correspond with the total numbers in the equivalent age groups analysed in Table 1 .
The use of the five-year rates resulted in large errors in the expected numbers, and these were greatest with groups D and B (incidence rates from ages 70-and 75-) ( Table 3 ). The size of the errors corresponded to the amount of change across the group, relative to the size of the central year, rather than to the type of the change. Erratic changes within a group tend to cancel out to produce errors of around 1% (E, F). All these results would be predicted from a consideration of equation (1) and the one-year weighting effects discussed above. The interpolated one-year rates produced expected numbers which were in general similar to those of the true one-year rates. The largest errors occurred with groups F, D, and B (incidence rates from ages 65-, 70-, and 75-).
Discussion
This study has shown that the errors produced by five-year rates in the calculation of expected numbers can be predicted from the one-year age structure of the study population. The increase in the one-year size invariably seen at the younger ages will result in underestimates, whereas the decrease at the older ages will produce overestimates. These errors will partially cancel out, and overall there will be a small overestimate; because the majority of tumours occur at the older ages, their errors will predominate. Thus, five-year rates will tend to minimise any excess of observed over expected numbers, and produce conservative estimates of cancer risk.
The size of the error depends on the magnitude of the increase or decrease in the study population, with decreases producing the smaller errors. Progressive single-year changes in the range +5% to -15%, expressed relative to the central year of the five-year group, will produce errors of less than 1%. In contrast, a recent study has shown that the methods of recording and calculating incidence rates could introduce errors of between 1% and 8%.2 Since the efficiency of the process of cancer registration may introduce further errors into five-year rates,11-13 those errors associated with their use in calculating expected numbers will not normally be a major problem.
The non-equivalence of the five-year rate (Iv) and the central one-year rate of the five-year period (13) will introduce errors into one-year rates produced by simple interpolation. The errors in the calculation of expected numbers were of the same order as those produced by five-year rates. Further, because over all ages the interpolated rates tend to give Five-year age-specific incidence rates II: The accuracy ofcalculations ofexpected numbers oftumours 149 underestimates (usually at the older ages where most tumours occur) they will increase the apparent size of any observed cancer risk.
The error inherent in interpolation cannot easily be overcome. The relationship between Iv and 13 depends on the one-year age structure and incidence rates in the general population, and changes as these change with age.' One solution would be to obtain the one-year population age structure and approximate one-year rates by interpolation, and then calculate 'new' five-year rates from these. The ratio of the observed to the 'new' five-year rates (they will always be found to differ) will give a measure of the error associated with interpolation and could be applied as a correction factor to the interpolated one-year rates. This procedure will only be approximate, particularly because of the difficulty in deriving one-year population structures from the published five-year data.
The conclusion from this work is that five-year rates will give reliable estimates of expected numbers, and that one-year rates obtained by simple interpolation procedures could give larger errors. The single-year age structure of the study population should be examined: only if it contains several age groups across which there are large changes in size will the five-year rates produce large errors and the interpolated rates be more accurate. 
